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(57) ABSTRACT

An apparatus for diagnosis of a medical image includes a
storage having a predetermined size, the storage being
configured to store sample frames sampled from among
received frames which are received from a medical imaging,
device; a frame collector configured to, once a reference
frame 1s determined, collect one or more sample frames
stored 1n the storage; and a diagnosis component configured
to provide a diagnosis for the reference frame based on
diagnostic results associated with the one or more collected
sample frames.
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FIG. 1B
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FIG. 2
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FIG. 6B
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APPARATUS AND METHOD FOR
DIAGNOSIS OF MEDICAL IMAGE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority from Korean Patent
Application No. 10-2014-0180642, filed on Dec. 15, 2014,
in the Korean Intellectual Property Oflice, the entire disclo-
sure¢ of which 1s incorporated herein by reference for all
pPUrposes.

BACKGROUND
1. Field

The following description relaters to an apparatus and
method for diagnosis relating to a medical 1mage for
enhancement of diagnostic accuracy.

2. Description of the Related Art

Using an ultrasonic medical image diagnostic device, a
user 1s able to monitor a region of mterest (ROI) in real time
and check wvarious features of a lesion. However, in an
existing ultrasonic examination, a user selects only one of
several real-time still 1mages output on a screen and can
provide diagnoses only about the selected 1mage, so that the
diagnostic result may be naccurate. In addition, since only
a single 1mage 1s considered in the diagnosis, the image that
1s selected may be a crucial point that aflects 1n a diagnostic
result. In addition, making only one or two determinations,
such as whether an ROI i1s malignant or benign, i1s a
relatively easy task that can be performed with high accu-
racy. However, 1 there are a number of tasks, 1t may be hard

to achieve highly accurate results using only a single still
image. For example, in a case where a user need to check
Breast Image Reporting And Data System (BI-RADS) lexi-
con categories during an ultrasonic examination for breast
cancer, 11 the user manually selects a single still image and
diagnoses only the selected 1image, diagnostic results regard-
ing some BI-RADS lexicon categories may not be accurate
enough.

SUMMARY

According to an aspect of an exemplary embodiment, an
apparatus for diagnosis of a medical image includes a
storage having a predetermined size, the storage being
configured to store sample frames sampled from among
received frames which are received from a medical imaging,
device; a frame collector configured to, once a reference
frame 1s determined, collect one or more sample frames
stored 1n the storage; and a diagnosis component configured
to provide a diagnosis for the reference frame based on
diagnostic results associated with the one or more collected
sample frames.

The storage may be configured to sample the recerved
frames according to at least one from among a predeter-
mined selection standard, a variable selection standard for a
variable situation, or an empirical selection standard.

The storage may be configured to store sample frames that
are selected by an mput of a user.

The frame collector may be configured to collect sample
frames having a region of interest (ROI) that corresponds to
an ROI 1n the reference frame.
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The diagnosis component may include a diagnostic result
handler configured to provide diagnostic results associated
with the one or more collected sample frames, and to support
the diagnosis for the reference frame by combining the
diagnostic results associated with the one or more collected
sample frames.

The diagnostic result handler may be configured to clas-
sity the combined diagnostic results into a plurality of
categories and calculate statistical data for each category of
the plurality of categories.

The diagnosis component may be configured to assign
weights to the diagnostic results according to one or more
standards, and provide the diagnosis for the reference frame
based on the diagnostic results assigned with the weights.

The apparatus may further include a display component
configured to display at least one from among the diagnosis
for the reference frame and the diagnostic results associated
with the one or more collected sample frames using statis-
tical information relating to frequency distribution.

According to another aspect of an exemplary embodi-
ment, an apparatus for diagnosis of a medical image includes
a frame selector configured to sample frames once a refer-
ence frame 1s determined, and select one or more frames to
be used for diagnosis of the reference frame; and a diagnosis
component configured to provide a diagnosis for the refer-
ence frame based on diagnostic results associated with the
one or more selected frames.

The frame selector may be configured to sample the
frames according to at least one from among a predeter-
mined selection standard, a variable selection standard for a
variable situation, an empirical selection standard.

The predetermined selection standard may include at least
one from among a predetermined period of time, size of a
storage, a total number of frames to be sampled, and
accuracy ol diagnosis.

The vanable selection standard may include comparing at
least one from among a change with respect to a probe or a
change with respect to a frame.

The empirical selection standard may be based on an
indicator associated with learning or inferring an intention of
a user.

The frame selector may be configured to select frames
having an ROI corresponding to an ROI in the reference
frame as selected frames.

The diagnosis component may be configured to generate
diagnostic results associated with the selected frames and to
support the diagnosis for the reference frame by combining
the diagnostic results associated with the selected frames.

The diagnosis component may be configured to classily
the combined diagnostic results into a plurality of catego-
ries, calculate statistical data for each category of the plu-
rality of categories, and provide the diagnosis for the refer-
ence frame using the calculated statistical data.

The diagnosis component may be configured to assign
weights to the diagnostic results associated with the selected
frames according to one or more standards, and provide the
diagnosis for the reference frame based on the diagnostic
results assigned with the weights.

According to yet another aspect of an exemplary embodi-
ment, a method for diagnosis of a medical 1image includes
sampling frames from among received frames, the received
frames being received from a medical 1maging device;
storing the sample frames within a storage having a prede-
termined size; once a reference frame 1s determined, col-
lecting one or more sample frames to be used for diagnosis
of the reference frame; and providing a diagnosis for the
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reference frame based on diagnostic results associated with
the one or more collected sample frames.

The received frames may be sampled according to at least
one from among a predetermined selection standard, a
variable selection standard for a wvariable situation, an
empirical selection standard.

The providing a diagnosis for the reference frame may
include combining the diagnostic results associated with the
one or more collected sample frames, and providing the
diagnosis for the reference frame using statistical informa-
tion associated with the combined diagnostic results.

According to a further aspect of an exemplary embodi-
ment, a method of diagnosing a medical image includes
sampling frames once a reference Iframe 1s determined;
selecting one or more frames from among the sample
frames; and providing a diagnosis for the reference frame
based on diagnostic results associated with the one or more
selected sample frames.

According to a still further exemplary embodiment, a
method of providing a diagnosis includes storing a plurality
of frames received from a medical imaging device; 1n
response to a reference frame being designated, selecting a
plurality of selected frames from among the plurality of
stored frames; generating a plurality of diagnoses associated
with the plurality of selected frames; and generating a
diagnosis associated with the reference frame based on the
plurality of diagnoses.

Other features and aspects may be apparent from the
tollowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a block diagram illustrating an example of an
apparatus for diagnosis of a medical image.

FIG. 1B 1s a block diagram illustrating a detailed con-
figuration of an apparatus for diagnosis of a medical image.

FI1G. 2 1s a block diagram illustrating another example of
an apparatus for diagnosis of a medical image.

FIG. 3 1s a diagram 1illustrating an example in which an
apparatus for diagnosis of a medical 1image samples frames
in predetermined time intervals.

FIG. 4 1s a diagram 1illustrating an example in which an
apparatus for diagnosis of a medical 1image samples frames
based on change with respect to a probe.

FIG. 5 1s a diagram 1llustrating an example 1n which an
apparatus for diagnosis of a medical image performs sam-
pling based on difference between one frame and a previous
frame.

FIG. 6 A 1s a diagram 1llustrating an example in which an
orientation of a reference frame 1s diagnosed using a diag-
nostic result for a collected frame.

FIG. 6B 1s a diagram 1llustrating an example in which a
reference frame 1s diagnosed using a diagnostic result for a
collected frame.

FIG. 7 1s a flowchart 1llustrating a method for diagnosis of
a medical 1image, the method which 1s implemented by the
apparatus shown i FIGS. 1A and 1B.

FI1G. 8 1s a flowchart illustrating a method for diagnosis of
a medical image, the method which 1s implemented by the
apparatus shown 1n FIG. 2.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
teatures, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.
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DETAILED DESCRIPTION

The following description 1s provided to assist the reader
in gaining a comprehensive understanding of the methods,
apparatuses, and/or systems described herein. Accordingly,
various changes, modifications, and equivalents of the meth-
ods, apparatuses, and/or systems described herein will be
suggested to those of ordinary skill 1n the art. Also, descrip-
tions of well-known functions and constructions may be
omitted for increased clarity and conciseness.

Heremafiter, apparatus and method for diagnosis of a
medical image according to exemplary embodiments of the
present disclosure are described in detail with reference to
drawings.

FIGS. 1A and 1B are block diagrams illustrating an
example of an apparatus for diagnosis of a medical 1image
according to an exemplary embodiment. Referring to FIG.
1A, an apparatus 100 for diagnosis of a medical image
includes a storage 110, a frame collector 120, and a diag-
nosis component 140.

The storage 110 samples frames from among frames
received from a medical imaging device, and stores the
sampled frames 1n a storage having a predetermined size.
For example, in the case of ultrasound examination, a
plurality of consecutive frames may be received over time
from a probe. If all of the received frames are used for
diagnosis of a reference frame, 1t may cause slow-down of
the whole computation. Alternatively, the storage 110 may
store some of the received frames at predetermined time
intervals by considering limited storage capacity. The stor-
age 110 may function as a builer or a temporary storage that
stores and updates a received frame 1n real time.

The storage 110 may sample Iframes among frames
received from a medical imaging device according to a
predetermined standard, and store the sampled frames. For
example, the storage 110 may sample frames according to a
predetermined typical selection standard, a variable selec-
tion standard for a variable situation, an empirical selection
standard, or a combination thereof.

Once a reference frame 1s determined, the {frame collector
120 collects one or more frames to be used for diagnosis of
the reference frame from among the stored frames. The
reference frame may be determined automatically or in
response to an nput from a user. Once the reference frame
1s determined, the frame collector 120 may collect not just
the reference frame that 1s an object to be diagnosed by the
diagnosis component 140, but also one or more frames to be
used for diagnosis of the reference frame.

The diagnosis component 140 diagnoses the reference
frame using a diagnostic result for each collected frame.
Diagnosing a frame can, for example, mean providing a
diagnosis based on or according to information contained 1n
a frame, or information that 1s represented by a frame.
According to an exemplary embodiment, the diagnosis
component 140 may classily a region of interest (ROI)
included in the reference frame according to each charac-
teristic, such as shape, orientation, margin, lesion boundary,
echo pattern, posterior acoustic features, surrounding tissue,
or any other type of characteristic. For the determination, the
diagnosis component 140 may use a diagnostic result for
cach collected frame.

For example, the diagnosis component 140 may combine
diagnostic results for all collected frames, classify the com-
bined diagnostic results into categories, calculate statistical
data for each category, and use the statistical data for
diagnosis of the reference frame. Each diagnostic result for
a collected frame may be a classification result regarding an
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ROI 1n the frame according to each characteristic, a deter-
mination as to whether the ROI in the frame 1s benign,
malignant, negative, or any other determination, based on a
probability of the ROI to be a lesion, or a determination as
to which subcategories (or subclasses) the ROI 1n the frame
talls within based on a probability of the ROI to be a lesion.
In addition, the diagnosis component 140 may diagnose an
ROI 1n a reference frame based on a probability of the ROI
to be a lesion.

If diagnostic results for a plurality of frames are used to
diagnose a reference frame, 1t 1s possible to obtain a more
accurate and objective result for the reference frame, com-
pared to when diagnosing only the reference frame. For
example, 1 more frames are collected, more diagnostic
results may be classified as primary categories that are
considered significant when statistical information 1s calcu-
lated, thereby reducing diagnostic errors. In addition, 1f
diagnostic results for collected frames are classified into
categories, such as shape, orientation, margin, lesion bound-
ary, echo pattern, posterior acoustic features, surrounding
tissue, and the like, and then used for diagnosis of the
reference frame, a more accurate diagnostic result for the
reference frame may be obtained, compared to when diag-
nosing only the reference frame.

Detailed configuration of an exemplary embodiment 1s
provided with reference to FIG. 1B. FIG. 1B 1s a diagram
illustrating an example of detailed configurations of the
apparatus shown i FIG. 1.

Referring to FIG. 1B, the apparatus 100 includes the
storage 110, the frame collector 120, a diagnostic result
handler 130, the diagnosis component 140, and a display
component 150.

The storage 110 samples frames among frames receirved
from a medical imaging device, and stores the sampled
frames 1n a storage having a predetermined size. According
to an exemplary embodiment, the storage 110 may sample
frames according to a predetermined typical selection stan-
dard, a variable selection standard for a variable situation, an
empirical selection standard, or a combination of any two or
more thereol.

The typical selection standard may utilize one or more of
the following: a predetermined time interval, size of a
storage, the total number of frames to be selected, and
accuracy ol diagnosis. For example, the storage 110 may
sample received frames in predetermined time 1ntervals. In
another example, the storage 110 may set a size of a storage
and the total number of frames to be sampled 1n advance,
and use this as a frame selection standard. In yet another
example, the storage 110 may sample frames by taking into
consideration accuracy of diagnosis. IT highly accurate diag-
nosis 1s required, the storage 110 may set a short sampling,
interval for a wider area so as to sample more frames. In this
case, more sample data may be obtained, thereby improving
accuracy of diagnosis of a reference frame.

In addition, the storage 110 may select frames according,
to a variable selection standard for a variable situation.
There may be various selection standards used for sampling
frames 1n a vanable situation. The following description 1s
about a selection standard that compares probe variation or
frame variation with a threshold level.

According to an exemplary embodiment, when a user
conducts an ultrasound examination using a probe of a
medical imaging device, the apparatus 100 receives a frame
from the probe. Thus, if a position, angle, or speed of the
probe 1s changed, a frame to be recerved from the probe 1s
thereby changed. In this case, if a degree in change of the
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position, angle, or speed of the probe 1s greater than a
threshold level, the storage 110 may sample corresponding
frames.

According to another exemplary embodiment, the storage
110 may sample a frame 11 a degree of change 1n the frame
1s greater than a threshold level. For example, 1f a degree of
change 1n a location, size, or shape of a detected ROI 1n a
frame 1s greater than a threshold level, the storage 110 may
sample frames before and after the frame.

In another exemplary embodiment, the storage 110 may
sample a frame 1n a case where difference between the frame
and a previous Iframe 1s greater than a threshold level. For
example, 11 an ROI 1n a frame captured at t-n and an ROI a
frame captured at t are compared and then difference
between the two frames 1s greater than a threshold level, the
storage 110 may sample both of the frames.

According to yet another exemplary embodiment, the
storage 110 may further store a frame that i1s selected 1n
response to an input from a user. For example, in the case of
the ultrasound examination, a frame 1s received 1n real time,
and a user may immediately store a frame required to be
turther checked, by using a probe, a button, a keyboard, a
touch pad, a sensed motion, and the like. The storage 110
may sample a frame that 1s selected 1n response to an input
from the user.

According to yet another exemplary embodiment, the
storage 110 may sample frames according to an empirical
selection standard that 1s based on an indicator learning or
inferring intention of a user. For example, a user may take
a close look at an ROI and surroundings thereof for a long
time. During an ultrasound examination, a user generally
diagnoses an ROI by observing frames surrounding the ROI.
According to the empirical selection standard, the storage
110 may automatically sample the frame having the ROI that
1s observed carefully by the user. For example, 1f frames
having the same ROI are received for a predetermined
period of time, the storage 110 may automatically sample the
received frames.

Once a reference frame 1s determined, the frame collector
120 collects one or more frames to be used for diagnosis of
the reference frame among stored frames. According to an
exemplary embodiment, once a reference frame 1s deter-
mined, the frame collector 120 may collect frames having an
ROI that corresponds to an ROI included in the reference
frame. A determination as to whether an ROI 1n a specific
frame corresponds to an ROI in the reference frame may be
made based on similarity there between. For example, 11 a
similarity level between an ROI 1n a specific frame and an
ROI 1n a reference frame 1s greater than a threshold level, the
ROI 1n the specific frame may be determined to be the same
as an ROI 1n the reference frame, and then the frame
collector 120 may collect frames having the same ROI as
that of the reference frame. In addition, in the case where a
reference frame includes a plurality of ROIs, the frame
collector 120 may collect frames having an ROI to be
diagnosed among a plurality of ROIs 1n the reference frame.

According to another exemplary embodiment, the frame
collector 120 may collect frames received before a reference
frame among Irames that are sampled and stored. For
example, the frame collector 120 may collect frames that
have been stored a predetermined time before a reference
frame.

The apparatus 100 may further include a diagnostic result
handler 130 that diagnoses each of the collected frames and
handles a process to support diagnosis of the reference frame
by combining the diagnostic results for the collected frames.
For example, the diagnostic result handler 130 may combine
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diagnostic results for a plurality of collected frames, classity
the combined diagnostic results into categories, and calcu-
late statistical data for each category. A diagnostic result for
cach collected frame may be a classification result regarding
an ROI included 1n each frame according to each charac-
teristic, a determination as to whether the ROI 1n the frame
1s benign, malignant, negative, or other based on a prob-
ability of the ROI to be a lesion, or a determination as to
which subcategories (or subclasses) the ROI 1n the frame
talls within based on a probability of the ROI to be a lesion.

The subcategories may be Breast Imaging-Reporting And
Data System (BI-RADS) categories. BI-RADS was mnitially
used for X-ray mammogram of breasts, and now 1s widely
used for MRI and ultrasonic medical imaging devices. The
BI-RADS categories consist of incomplete(0), Negative(1),
Benign finding(2), Probably benign finding(3), Suspicious
abnormality(4), Highly suggestive of malignancy(5), and
Known biopsy-proven malignancy(6). However, the above
are merely exemplary, and a different number of categories
with different names may be contemplated as falling within
the scope of the exemplary embodiments.

The diagnostic result handler 130 may combine diagnos-
tic results for any number, for example hundreds, of col-
lected frames having the same ROI, classily the combined
diagnostic results into categories, and calculate statistical
data for each category. The diagnostic result handler 130
may determine a primary category to which the largest
number of the diagnostic results belong. Hundreds of frames
are merely exemplary, and aspects of the present disclosure
are not limited thereto.

The diagnosis component 140 performs diagnosis on a
reference frame using a diagnostic result for each collected
frame. According to an exemplary embodiment, the diag-
nosis component 140 may classity an ROI 1n the reference
frame according to each characteristic, such as shape, ori-
entation, margin, lesion boundary, echo pattern, posterior
acoustic features, surrounding tissue, or any other type of
characteristic. The diagnosis component 140 may use a
diagnostic result for each collected frame. For example, 1n
the case where the diagnosis component 140 analyzes a
shape of the ROI in the reference frame, the diagnosis
component 140 may combine diagnostic results on shape of
a plurality of collected frames, and classify a shape of the
ROI 1in the reference frame using the statistical information
on the shape. Detailed descriptions of the above process are
provided with reference to FIG. 6A.

According to another exemplary embodiment, the diag-
nosis component 140 may diagnose an ROI 1n a reference
frame to see whether the ROI 1s benign, malignant, negative,
or other based on a probability of the ROI to be a lesion
thereol or which subcategories the ROI falls within. In this
case, the diagnosis component 140 may combine diagnostic
results for ROIs in a plurality of collected frames, and
diagnose the ROI 1n the reference frame using statistical
information regarding the combined diagnostic results.

According to another exemplary embodiment, the diag-
nosis component 140 may assign weights to diagnostic
results for collected frames according to one or more stan-
dards, and diagnose a reference frame based on the diag-
nostic results assigned with the weights. For example, the
diagnosis component 140 may diagnose the reference frame
by assigning a weight to a category to which the largest
number of diagnostic results belong. There may be various
methods of assigning a weight, and 1t 1s possible to assign a
weilght to each characteristic or each category. In addition,
the diagnosis component 140 may assign a weight to a frame
collected at a point in time close to the time of determination
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of the reference frame to be diagnosed. Further, a lesion’s
feature, confidence, accuracy, and any other additional fac-
tors may be considered. There may be various standards for
assigning a weight, so any other examples may be contem-
plated as falling within the scope of the exemplary embodi-
ments.

The display component 150 displays diagnostic results for
one or more frames. According to an exemplary embodi-
ment, the display component 150 may display a diagnostic
result on whether an ROI 1n a reference frame 1s negative,
benign, malignant, or other. According to another exemplary
embodiment, using statistical information that represents
frequency distribution characteristics of a combined diag-
nostic results for collected frames, the display component
150 may display a diagnostic result for an ROI 1n a reference
frame. For example, the display component 150 may display
a histogram that indicates statistical information on diag-
nostic results for a plurality of collected frames, and display
a diagnostic result for the reference frame above the histo-
gram. In addition, other various types of statistic informa-
tion, including a pie chart, a bar graph, and a graph of broken
line, may be used. If a number of frames are collected, 1t may
be visually more effective to display statistical information
that represents diagnostic results accumulated for each cat-
cgory. In addition, 1f there are two or more reference frames,
the display component 150 may visually display statistical
information regarding diagnostic results for the reference
frames.

FIG. 2 1s a block diagram illustrating an apparatus for
diagnosis of a medical image according to another exem-
plary embodiment. Referring to FIG. 2, an apparatus 200 for
diagnosis of a medical image includes a frame selector 220
and a diagnosis component 240.

Once a reference frame 1s determined, the frame selector
220 samples frames and selects one or more sampled frames
to be used for diagnosis of the reference frame. The frame
selector 220 may sample frames received from a medical
imaging device, select frames to be used for diagnosis of the
reference frame, and store the selected frames.

In addition, the frames received from the medical imaging,
device and the frames selected by the frame selector 220
may be stored 1n a storage. The storage may be an important
or integral element, and 1t does not matter when the frames
are stored. For example, the frames may be sampled and
stored simultaneously or sequentially.

The reference frame may be determined automatically or
in response to an mput from a user. If a diagnosis mitiating
command or request 1s received, the apparatus 200 may
automatically determine a reference frame to be diagnosed.
In other exemplary embodiments, 11 a user explicitly selects
a frame, for example, by pressing a button or inputting a key
using a probe during the examination, the apparatus 200 may
consider the selection a diagnosis initiating command or
request, and determine that the selected frame 1s a reference
frame to be diagnosed.

Once the reference frame 1s determined, the frame selec-
tor 220 may perform sampling according to a predetermined
standard. For example, the frame selector 220 may sample
frames using a predetermined typical selection standard, a
variable selection standard for a wvariable situation, an
empirical selection standard, or a combination of any two or
more thereof.

The typical selection standard may utilize at least one of
the following: a predetermined period of time, size of a
storage, the total number of frames to be selected, and
accuracy of diagnosis. For example, the frame selector 220
may periodically sample frames that are received at prede-
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termined time intervals. In another example, the frame
selector 220 may set i advance size of a storage and the
total number of frames to be sampled, and use the same
when selecting frames. In yet another example, the frame
selector 220 may sample frames by taking into consideration
diagnosis accuracy. If highly accurate diagnosis 1s required,
the frame selector 220 may set a short sampling interval for
a wider area so as to sample more frames. In this case, more
sample data may be obtained, thereby improving accuracy in
diagnosis ol a reference frame.

In addition, the frame selector 220 may select frames by
a variable selection standard for a variable situation. There
may be various variable selection standards for a variable
situation. Hereinafter, there 1s described a selection standard
in which change with respect to a probe or a frame 1is
compared with a threshold level.

According to an exemplary embodiment, 1f a position,
angle, or speed of a probe 1s changed, a frame to be received
from the probe may be thereby changed. In this case, 1n a
case where a degree of change 1n a position, angle, or speed
of the probe 1s greater than a threshold level, the frame
selector 220 may sample a frame.

In another exemplary embodiment, a degree of change in

cach characteristic of a frame may be compared. In the case
where a degree of change 1n each characteristic, such as
shape, orientation, margin, lesion boundary, echo pattern,
posterior acoustic features, surrounding tissue, or any other
characteristic, of a frame 1s greater than a threshold level, the
frame selector 220 may sample the frame. For example, 1n
the case where a degree of change 1n location, size, or shape
of a detected ROI 1n a frame 1s greater than a threshold level,
the frame selector 220 may sample frames before and after
the frame.
In another exemplary embodiment, in the case where
difference between a specific frame and a previous frame 1s
greater than a threshold level, the frame selector 220 may
sample both of the frames. For example, the frame selector
220 may compare an ROI 1n a frame captured at t-1 with an
ROI 1n a frame captured at t, and, 11 difference between the
two frames 1s greater than a threshold level, the frame
selector 220 may sample both of the frame at t-1 and the
frame at t.

According to vet another exemplary embodiment, the
frame selector 220 may further store frames that are explic-
itly selected 1n response to a user’s mput. For example,
frames are received 1n real time 1n the case of an ultrasound
examination, so a user may immediately store any frame
necessary to be further checked, by using a probe, a button,
a keyboard, a touch pad, a sensed motion, and the like. The
frame selector 220 may sample frames that are explicitly
selected 1n response to an 1nput from the user.

In addition, the frame selector 220 may sample frames
using an empirical selection standard that 1s based on an
indicator learning or inferring intention of a user. According
to an exemplary embodiment, the user may take a close look
at an ROI, for example, by observing an area surrounding
the ROI for a long time. When conducting an ultrasound
examination, a user diagnoses an ROI by observing frames
surrounding the ROI. According to the empirical selection
standard, the frame selector 220 may automatically sample
frames having an ROI that 1s carefully observed by a user.
For example, if frames having the same ROI are received for
a predetermined period of time, the frame selector 220 may
automatically sample the received frames.

During or after the sampling, the frame selector 220 may
select frames having an ROI which corresponds to an ROI
included 1n a reference frame, wherein the selected frames
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are to be used for diagnosis of the reference frame. In a case
where a reference frame includes a plurality of ROIs, the
frame selector 220 may select a frame having any ROI that
1s subject to be diagnosed among a plurality of ROIs 1n the
reference frame. Whether an ROI 1n a specific frame corre-
sponds to an ROI in the reference frame may be determined
based on similarity between the ROIs. For example, if a
similarity level between an ROI 1n a specific frame and an
ROI 1n a reference frame 1s greater than a threshold level, the
ROI 1n the specific frame may be determined to be the same
as that of the reference frame. Based on the determination,
the frame selector 220 may collect frames having the same
RO as that of the reference frame. In addition, in a case
where a reference frame includes a plurality of ROIs, the
frame selector 220 may collect frames having an ROI to be
diagnosed among a plurality of ROIs in the reference frame.
The diagnosis component 240 diagnoses on the reference
frame based on diagnostic results for the selected frames.
According to an exemplary embodiment, based on diagnos-
tic results for the selected frames, the diagnosis component
240 may classily an ROI 1n the reference frame according to
cach characteristic, such as shape, orientation, margin,
lesion boundary, echo pattern, posterior acoustic features,
surrounding tissue, or the like. In addition, the diagnosis
component 240 may diagnose an ROI 1n the reference frame
based on a probability of the ROI 1n the reference frame to
be a lesion.

For example, the diagnosis component 240 may combine
diagnostic results for any number, for example hundreds of
frames having the same ROI, classily the combined diag-
nostic results into categories, calculate statistical data for
cach category, and use the calculated statistical information.
Each diagnostic result for a selected frame may be a clas-
sification result regarding an ROI in the frame according to
each characteristic, a determination as to whether the ROI 1n
the frame 1s benign, malignant, negative or other, or a
determination as to whether the ROI 1n the frame falls within
which subcategories based on a probability of the ROI to be
a lesion.

According to yet another exemplary embodiment, the
diagnosis component 240 may assign weights to diagnostic
results for collected frames according to one or more stan-
dards, and diagnose a reference frame based on the diag-
nostic results assigned with the weights. For example, the
diagnosis component 240 may assign a weight to a category
to which the largest number of diagnostic results belong, and
diagnose a reference frame based on the diagnostic results
assigned with the weights. In another example, the diagnosis
component 240 may assign a weight to a category with a
frequency greater than a predetermined value. There may be
various method for assigning a weight, and 1t 1s possible to
assign a weight to each characteristic or each category. In
addition, the diagnosis component 240 may assign a weight
to an 1mage that 1s selected at a time close to the time of
determining a reference frame to be diagnosed. In some
exemplary embodiments, a lesion’s feature, confidence,
accuracy, or any other factor may be considered. There may
be various standards for assigning a weight, and they should
be contemplated as falling within the scope of the exemplary
embodiments.

If diagnostic results for a plurality of selected frames are
used for diagnosis of a reference frame, it may be possible
to obtain a more accurate and objective diagnostic result for
the reference frame, compared to diagnosing only the ref-
erence frame. For example, 1f more frames are selected,
more diagnostic results to be classified as a category, which
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1s considered significant when statistical information 1is
calculated, may be obtained, thereby possibly reducing
diagnostic errors.

In addition, if the diagnostic results for selected frames
are classified by characteristics, such as shape, orientation,
margin, lesion boundary, echo pattern, posterior acoustic
teatures, surrounding tissue, or any other type of character-
istic, and then used for diagnosis of the reference frame, a
more accurate diagnostic result may be obtained, compared
to diagnosing only the reference frame.

FIGS. 3, 4, and 5 are examples of performing sampling by
a specific selection standard. However, there may be various
selection standards for sampling a frame, so the examples
are not necessarily limited to the following description.

FIG. 3 shows an example i which an apparatus for
diagnosis of a medical 1image samples frames at predeter-
mined time intervals. Referring to FIG. 3, an apparatus for
diagnosis of a medical 1mage may perform sampling at
predetermined time intervals for the enftire frame period
(301~302). For example, 1in a case where a period of time for
receiving three frames 1s set as a time interval, one of the
three frames may be sampled. In FIG. 3, an ROI is not
detected from a sampled frame S1 311, but detected from a
sampled frame S2 312, a sample frame S3 313, and a
sampled frame S4 314. In addition, size of the ROI increases
over time.

FIG. 4 1s a diagram 1illustrating an example in which an
apparatus for diagnosis of a medical 1image performs sam-
pling based on change with respect to a probe. According to
an exemplary embodiment, 11 location, angle, or speed of a
probe 1s changed, a cross-section orientation of a frame
received from the probe 1s changed, shape, angle, and
orientation of an ROI included 1n the frame 1s changed. In
this case, 1f frames are collected according to a selection
standard that 1s based on the change with respect to the
probe, the apparatus may sample various frames having an
ROI with different shape, angle, and orientation.

Referring to FIG. 4, a moving direction of a probe 1s
changed with reference to an axis 410. The change with
respect to the probe may be physically measured using a
sensor attached to the probe or may be indirectly measured
based on an mput indicating the variation of the probe. If the
change with respect to the probe 1s greater than a threshold
level, an apparatus for diagnosis of a medical 1mage may
sample frames received before and after the axis 410.
Referring to FIG. 4, 1f a frame S2 412 1s a frame received
when a moving direction of a probe 1s changed, the appa-
ratus may sample a previous frame S1 411 and a subsequent
frame S3 413.

FIG. 5 1s a diagram 1illustrating an example 1n which an
apparatus for diagnosis of a medical image performs sam-
pling based on difference between one frame and a previous
frame. According to an exemplary embodiment, the appa-
ratus 100 may sample frames that have an amount of
changes over a threshold by comparing one frame with a
previous Irame. Referring to FIG. 5, a frame S1 3510 1s
recetved when an ROI starts to be detected, and then a frame
S2 520 1s recerved. An ROI 521 1n the frame S2 520 1s bigger
than an ROI 511 in the frame S1 510, and there 1s a big
difference 1n shape between the ROI 511 and the ROI 521.
In this case, the apparatus 100 may compare one frame with
a previous frame, and, 1f diflerence therebetween 1s greater
than a threshold level, sample the one frame. In addition,

referring to FIG. 5, an ROI 531 1n a frame S3 530 1s bigger
than an ROI 541 in a frame S4 540, and an ROI 551 in a
frame S5 550 1s smaller than an ROI 561 1n a frame S6 560.

In this case, if difference between one frame and the
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previous frame 1s greater than a threshold level, the appa-
ratus 100 may sample the one frame.

FIG. 6A 1s a diagram 1llustrating an example of deter-
mining orientation of a reference frame based on diagnostic
results for collected frames. FIG. 6A 1s described with
reference to FIG. 1. When determining some characteristics,
such as shape, orientation, margin, lesion boundary, echo
pattern, posterior acoustic features, surrounding tissue, or
any other desired characteristic, of a reference frame, the
apparatus 100 for diagnosis of a medical image may use
diagnostic results for collected frames. Referring to FIG. 6 A,
if one hundred frames are collected, orientation of each
frame may be determined. Orientation of each frame 1is
determined based on whether a long axis of an ROI 1s 1n
parallel to the skin line. If a long axis of an ROI 1s wider than
tall or horizontal, orientation of a corresponding frame 1s
determined to be parallel. Alternatively, 1f a long axis of an
ROI 1s taller than wide or wvertical or includes round,
orientation of a corresponding frame 1s determined to be not
parallel.

Referring to FIG. 6A, diagnostic results for collected
frames shows that about 84% of the frames 1s determined to
have parallel orientation and about 16% 1s determined to
have non-parallel orientation. The apparatus 100 may com-
bine the collected frames” diagnostic results on orientation,
and classily orientation of a reference frame as parallel,
based on the combined diagnostic results.

For example, although orientation of a reference frame 1s
classified as not parallel, the apparatus 100 may classity
orientation of an ROI 1n the reference frame as parallel based
on diagnostic result for collected frames. In this case, 1f more
frames are collected, more objective statistical information
may be applied to diagnose the reference frame.

FIG. 6B 1s a diagram 1illustrating an example of diagnos-
ing an ROI based on diagnostic results for collected frames.
Referring to FIG. 6B, the apparatus 100 may classily
diagnostic results for collected frames into categories, and
display the classification result in a form of histogram.
According to an exemplary embodiment, in the case of an
ultrasound examination of breast cancer, BI-RADs catego-
ries may be used. For example, classes 0 to 6 may consist
olf_incomplete(0), Negative(l), Benign finding(2), Probably
benign finding(3), Suspicious abnormality(4), Highly sug-
gestive of malignancy(5), Known biopsy-proven malig-
nancy(6), respectively. However, name of each class of a
classitying standard may differ, so aspects of the present
disclosure are not limited thereto. Further, the apparatus 100
may be used i ultrasound examinations for abdomen,
thyroid gland, blood vessels, musculoskeletal disorder, and
the like, and may be used 1n any other examination that
requires collecting a plurality of medical images.

The apparatus 100 may classity the diagnostic results for
the collected frames 1nto categories based on a probability of
an ROI 1n each frame to be a lesion. Then, the apparatus 100
may combine diagnostic results for all the collected frames
and display the combined diagnostic results 1n a form of
histogram.

Retferring FIG. 6B, a relatively large number of diagnostic
results are classified as class 5 to class 7, and the largest
number of diagnostic results are classified as class 6. The
apparatus 100 may determine primary categories using
statistical information regarding the combined diagnostic
results. Then, the apparatus 100 may diagnose a reference
frame to determine whether the reference frame falls within
class 5 (suspicious abnormality), class 6 (known biopsy-
proven malignancy), or class 7 (highly suggestive of malig-
nancy).
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FIG. 7 1s a flowchart 1llustrating an exemplary method for
diagnosis of a medical image, the method that 1s 1imple-
mented by the apparatus shown in FIG. 1, according to an
exemplary embodiment.

First, the apparatus 100 receives a frame from a medical
imaging device i 710. The apparatus 100 samples the
received frame 1n 720, and stores one or more sampled
frames 1n a space ol predetermined size 1 730. According
to an exemplary embodiment, the apparatus 100 may sample
frames among Iframes received from a medical 1imaging
device according to a predetermined standard, and store the
sampled frames. For example, the apparatus 100 may
sample a frame according to a predetermined typical selec-
tion standard, a variable selection standard for a variable
situation, an empirical selection standard, or a combination
thereot, and store the sampled frame.

The typical selection standard may 1nclude one or more of
a predetermined period of time, size of a storage, the total
number of frames to be selected, and accuracy of diagnosis.
For example, the apparatus 100 may periodically sample
frames among all frames received for a predetermined
period of time. In another example, the apparatus 100 may
set size of a storage and the total number of frames to be
sampled 1n advance, and use this as a standard for selecting
frames. In yet another example, the apparatus 100 may
sample frames by taking into consideration diagnosis accu-
racy. I highly accurate diagnosis 1s required, the storage 110
may set a short sampling interval for a wider area so as to
sample more frames. In this case, more sample data may be
obtained, thereby improving accuracy in diagnosis of a
reference frame.

In addition, the apparatus 100 may select a frame accord-
ing to a variable selection standard for a variable situation.
For example, 11 a position, angle, or speed of a probe is
changed, a frame to be received from the probe 1s thereby
changed. Accordingly, when a degree of change 1n a posi-
tion, angle, or speed of the probe 1s greater than a threshold
level, the apparatus 100 may sample a frame.

According to another exemplary embodiment, 1n the case
where change with respect to a frame 1s greater than a
threshold level, the apparatus 100 may sample the frame.
The change with respect to a frame may include various
exemplary embodiments. For example, 1n the case where a
degree of change 1n location, size, or shape of a detected
ROI 1n a frame 1s greater than a threshold level, the
apparatus 100 may sample frames before and after the
frame. In another example, in the case where change with
respect to a frame 1s greater than a threshold level, the
apparatus 100 may sample the frame. That 1s, 1n the case
where diflerence between on an ROI 1n a frame at t-1 and an
ROI 1n a frame at t 1s greater than a threshold level, the
apparatus 100 may sample both of the frames.

In another exemplary embodiment, the apparatus 100 may
turther store frames that are explicitly selected 1n response
to a user’s input. For example, 1n the case of an ultrasound
examination, a frame 1s received 1n real time, so a user may
be able to store any frame necessary to be further checked,
by using a probe, a button, a keyboard, a touch pad, a sensed
motion, and the like. In this case, the apparatus 100 may
sample frames selected 1n response to the user’s input.

According to yet another exemplary embodiment, the
apparatus 100 may perform sampling according to an
empirical selection standard that 1s based on an indicator
learning or inferring intention of a user. For example, a user
may take a close look at an ROI, for example, by observing
an area surrounding the ROI for long time. In the case of an
ultrasound examination, a user usually diagnoses an ROI by
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observing frames surrounding the ROI. According to the
empirical selection standard, the apparatus 100 may auto-
matically sample a frame having an ROI that 1s carefully
observed by a user. For example, 1f frames having the same
ROI are received for a predetermined period of time, the
frame selector 220 may automatically sample the received
frames.

Then, the apparatus 100 determines whether a reference
frame 1s determined in 740. If a reference frame to be
diagnosed 1s determined automatically or 1n response to an
mput from a user, the apparatus 100 collects, among the
stored frames, frames to be used for diagnosis of the
reference frame in 750.

According to an exemplary embodiment, if the reference
frame 1s determined, the apparatus 100 may collect frames
having an ROI corresponding to an ROI in the reference
frame. Whether an ROI corresponds to the ROI included 1n
the reference frame may be determined based on similarity
therebetween. For example, 11 a similarity level between an
ROI 1n a specific frame and an ROI 1n a reference frame 1s
greater than a threshold level, the ROI 1n the specific frame
may be determined to be same as the ROI 1n the reference
frame, and thus, the apparatus 100 may collect frames
having the same ROI as that of the reference frame. In
addition, 1 a reference frame includes a plurality of ROIs,
the apparatus 100 may select a frame having a ROI to be
diagnosed among a plurality of ROIs 1n the reference frame.

According to another exemplary embodiment, the appa-
ratus 100 may collect frames that have been stored before a
reference frame from among sampled and stored frames. For
example, the apparatus 100 may collect frames that were
stored before a predetermined period of time has lapsed
from a reference frame.

Then, the apparatus 100 may combine diagnostic results
for all the collected frames and process the combined
diagnostic results. For example, the apparatus 100 may
combine diagnostic results for a plurality of frames, classity
the combined diagnostic results 1into categories, and calcu-
late statistical data for each category. A diagnostic result for
cach collected frame may be a classification result regarding
an ROI 1 the frame according to each characteristic, a

determination as to whether the ROI 1n the frame 1s benign,
malignant, negative, or other based on a probability of the
ROI to be a lesion, or whether the ROI falls within which
subcategories (or subclasses) based on a probability of the
ROI to be a lesion. In addition, the subdivided categories
may be BI-RADS categories.

The apparatus 100 may combine diagnostic results for any
number, for example hundreds of frames having the same
RO, classity the combined diagnostic results into catego-
ries, and calculate statistical data for each category. The
apparatus 100 may determine a primary category to which
most of the diagnostic results belong. Hundreds of frames
are merely exemplary and not necessarily understood as a
limited element.

The apparatus 100 diagnoses the reference frame based on
diagnostic results for all the collected frames 1n 760. Accord-
ing to an exemplary embodiment, the apparatus 100 deter-
mines shape, orientation, margin, lesion boundary, echo
pattern, posterior acoustic features, surrounding tissue, or
any other characteristic of an ROI 1n the reference frame. In
this case, the apparatus 100 may use dlagnostlc results for all
the collected frames. For example, in order to determine
shape of the ROI 1n the reference frame, the apparatus 100
may combine diagnostic results on shape of a plurality of
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collected frames and then classity the ROI 1n the reference
frame based on statistical information regarding the com-
bined diagnostic results.

According to another exemplary embodiment, the appa-
ratus 100 may diagnose an ROI 1n a reference frame to see
whether the ROI 1s bemign, malignant, negative, or other, or
talls within which subcategories based on a probability of
the ROI to be a lesion. In this case, the apparatus 100 may
combine diagnostic results for a plurality of collected
frames, and classify the ROI in the reference frame based on
statistical information regarding the combined diagnostic
results.

According to vet another exemplary embodiment, the
apparatus 100 may assign weights to diagnostic results for
collected frames according to one or more standards, and
diagnose a reference frame based on the diagnostic results
assigned with the weights. For example, the apparatus 100
may assign a weight to a category to which the largest
number of diagnostic results belong, and diagnose a refer-
ence frame based on the diagnostic results assigned with the
weights. There may be various methods for assigning a
welght, and a weight may be assigned to each characteristic
or each category. In addition, the apparatus 100 may assign
a weight to an 1mage that 1s collected at a point in time close
to the time of determining a reference frame. Further, a
lesion’s features, confidence, accuracy, or any other factor
may be considered. There may be various methods for
assigning a weight, and they may be contemplated as falling
within the scope of the exemplary embodiments.

Then, the apparatus 100 may display diagnostic results for
one or more frames. For example, the apparatus 100 may
display a diagnostic result on whether an ROI 1n a reference
frame 1s negative, benign, malignant, or other. In addition,
the apparatus 100 may display a diagnostic result for the
reference frame based on statistical information that presents
frequency distribution characteristics of combined diagnos-
tic results for collected frames. For example, the apparatus
100 may display a histogram that indicates statistical infor-
mation regarding diagnostic results for a plurality of col-
lected frames, and display a classification result of a refer-
ence frame above the histogram. Instead of the histogram,
the apparatus 100 may use any other statistic information,
such as a pie chart, a bar graph, linearized curves, and the
like. If more frames are collected, 1t may be visibly more
cllective to display a histogram that indicates statistical
information on diagnostic results accumulated for each
characteristic. In addition, 1f there are a plurality of reference
frames, the apparatus 100 may display statistic information
on diagnostic results for the reference frames.

FI1G. 8 1s a flowchart 1llustrating an exemplary method for
diagnosis of a medical image, the method which 1s 1imple-
mented by the apparatus shown in FIG. 2, according to
another exemplary embodiment.

In 810, the apparatus 200 determines whether a reference
frame to be diagnosed 1s determined. The reference frame
may be determined automatically or 1n response to an input
from a user. If a command or request for nitiating diagnosis
1s received, the apparatus 200 may automatically determine
a reference frame to be diagnosed. Alternatively, 11 a user
explicitly selects a frame by using a button or key of a probe,
the apparatus 200 may consider the mput a command or
request for mitiating diagnosis, and determine a reference
frame to be diagnosed.

After the reference frame 1s determined, the apparatus 200
may perform sampling according to a predetermined stan-
dard 1n 820. For example, the apparatus 200 may perform
sampling according to a predetermined typical selection
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standard, a variable selection standard for a variable situa-
tion, an empirical selection standard, or a combination
thereof.

The typical selection standard may include one or more of
a specific period of time, size of a storage, the total number
of frames to be selected, and accuracy of a diagnosis result.
For example, the apparatus 200 may periodically sample
frames received at predetermined time intervals. In another
example, the apparatus 200 may set in advance size of a
storage and the total number of frames to be sampled, and
use the both as a frame selection standard. In yet another
example, the apparatus 200 may sample a frame by taking
into consideration diagnosis accuracy. If highly accurate
diagnosis 1s required, the apparatus 200 may set a short
sampling interval for a wider area so as to sample more
frames. In this case, more sample data may be obtained,
thereby improving accuracy in diagnosing a reference
frame.

In addition, the apparatus 200 may select a frame accord-
ing to a variable selection standard for a variable situation.
There may be various selection standards used for sampling
a frame 1n the variable situation. Hereinafter, there 1s
described a selection standard in which change with respect
to a probe or a frame 1s compared with a threshold level.

According to an exemplary embodiment, 1f change with
respect to a frame 1s greater than a threshold level, the
apparatus 200 may sample the frame. For example, 1n a case
where a degree of change 1 a position, angle, or speed of a
probe 1s greater than a threshold level, the apparatus 200
may sample a frame.

According to another exemplary embodiment, change 1n
cach characteristic of a frame may be compared with a
threshold level. Specifically, in the case where a degree of
change in each characteristic, such as shape, orientation,
margin, lesion boundary, echo pattern, posterior acoustic
features, surrounding tissue, or the like, of an ROI 1n a frame
1s greater than a threshold level, the apparatus 200 may
sample the frame. For example, 1n the case where a degree
of change 1n a location, size, or shape of an ROI 1n a frame
1s greater than a threshold level, the apparatus 200 may
sample frames before and after the frame.

According to another exemplary embodiment, the appa-
ratus 200 may perform sampling based on difference
between one frame and a previous frame. For example, 1T
difference between an ROI 1n a frame at t-1 and an ROI 1n
a frame at t 1s greater than a threshold level, the apparatus
200 may sample both of the frames.

According to yet another exemplary embodiment, the
apparatus 200 may further store frames that are selected 1n
response to a user’s mput. For example, a frame 1s recerved
in real time 1n the case of an ultrasound examination, so a
user may store a frame necessary to be check later, by using
a probe, a button, a keyboard, a touch pad, a sensed motion,
and the like. In this case, the apparatus 200 may sample a
frame that 1s selected 1n response to a user’s put.

In addition, the apparatus 200 may perform sampling
according to an empirical selection standard that 1s based on
an 1ndicator learning or inferring intention of a user. Accord-
ing to an exemplary embodiment, a user may take a close
look an ROI, for example, by observing the ROI for long
time. For an ultrasound examination, a user diagnoses an
ROI by observing frames surrounding the ROI. According to
the empirical selection standard, the apparatus 200 may
automatically sample a frame having the ROI that 1s care-
tully observed by the user. For example, 1f frames having the
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same ROI are received for a specific period of time, the
apparatus 200 may automatically sample the received
frames.

During or after the sampling process, the apparatus 200
may select a frame having an ROI that corresponds to an
ROI m a reference frame and use the selected frame for

diagnosis of the reference frame. In a case where 1n a
reference frame includes a plurality of ROIs, the apparatus
200 may select a frame having an ROI subject to be
diagnosed among a plurality of ROIs in the reference frame.
Whether an ROI 1n a specific frame corresponds to an ROI
in a reference frame may be determined based on similarity
there between. For example, in the case where a similarity
level between an ROI 1n a specific frame and an ROI 1n a
reference frame 1s greater than a threshold level, the ROI in
the specific frame may be determined to be the same as the
ROI 1n the reference frame. Then, frames having the same
ROI as that of the reference frame may be collected and used
for diagnosis of the reference frame.

The apparatus 200 diagnoses the reference frame based on
diagnostic results for selected frames 1 830. According to
an exemplary embodiment, the apparatus 200 may classity
an ROI 1n a reference frame according to each characteristic,
such as shape, orientation, margin, lesion boundary, echo
pattern, posterior acoustic features, surrounding tissue, or
the like. For the classification, the apparatus 200 may use
diagnostic results for selected frames. In addition, the appa-
ratus 200 may diagnose an ROI 1n a reference frame based
on a probability of the ROI to be a lesion.

For example, the apparatus 200 may combine diagnostic
results for any number, for example hundreds of frames
collected for a single ROI, classily the combined diagnostic
results 1nto categories, calculate statistical data for each
category, and use the calculated statistical data. A diagnostic
result for a selected frame may be a classification result
regarding an ROI 1n the frame according to each character-
istic, a determination as to whether the ROI 1s benign,
malignant, negative, or other based on a probability of the
ROI to be a lesion, or a determination as to subcategories
that the ROI falls within based on a probability of the ROI
to be a lesion.

According to another exemplary embodiment, the appa-
ratus 200 may assign weights to diagnostic results for
collected frames according to one or more standards, and
diagnose a reference frame based on the diagnostic results
assigned with the weights. For example, the apparatus 200
may diagnose a reference frame based on diagnostic results
for collected frames by assigning a weight to a category to
which the largest number of diagnostic results belong. There
may be various method for assigning a weight, and a weight
may be assigned to each characteristic or each category. In
addition, the apparatus 200 may assign a weight to a frame
collected at a point in time close to the time of determining
the reference frame. Further, a lesion’s features, confidence,
accuracy, and any other factor may be considered. There
may be various standards for assigning a weight, so they
may be contemplated as falling within the scope of the
exemplary embodiments.

If diagnostic results for a plurality of collected frames are
used for diagnosis of a reference frame, a more accurate and
objective diagnostic result for a reference frame may be
obtained, compared to when diagnosing only the reference
frame. For example, if more frames are collected, more
diagnostic results to be classified as a category, which 1is
considered significant when statistical information 1s calcu-
lated, may be obtained, thereby reducing diagnosis errors.
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In addition, if the diagnostic results for selected frames
are classified 1nto characteristics, such as shape, orientation,
margin, lesion boundary, echo pattern, posterior acoustic
features, surrounding tissue, and the like, and then used for
diagnosis of the reference frame, a more accurate diagnostic
result for the reference frame may be obtained, compared to
diagnosing only the reference frame.
The methods and/or operations described above may be
recorded, stored, or fixed 1n one or more computer-readable
storage media that includes program instructions to be
implemented by a computer to cause a processor to execute
or perform the program instructions. The media may also
include, alone or in combination with the program instruc-
tions, data files, data structures, and the like. Examples of
computer-readable storage media include magnetic media,
such as hard disks, floppy disks, and magnetic tape; optical
media such as CD ROM disks and DVDs; magneto-optical
media, such as optical disks; and hardware devices that are
specially configured to store and perform program instruc-
tions, such as read-only memory (ROM), random access
memory (RAM), flash memory, and the like. Examples of
program instructions include machine code, such as pro-
duced by a compiler, and files containing higher level code
that may be executed by the computer using an interpreter.
The described hardware devices may be configured to act as
one or more software modules i order to perform the
operations and methods described above, or vice versa. In
addition, a computer-readable storage medium may be dis-
tributed among computer systems connected through a net-
work and computer-readable codes or program instructions
may be stored and executed in a decentralized manner.
A number of examples have been described above. Nev-
ertheless, 1t should be understood that various modifications
may be made. For example, suitable results may be achieved
if the described techniques are performed 1n a different order
and/or 1 components 1n a described system, architecture,
device, or circuit are combined 1n a different manner and/or
replaced or supplemented by other components or their
equivalents. Accordingly, other implementations are within
the scope of the following claims.
What 1s claimed 1s:
1. An apparatus for diagnosis of a medical 1image, com-
prising;:
a storage having a predetermined size, the storage being
configured to store sample frames sampled from among
received frames which are received from a medical
imaging device; and
at least one processor configured to:
once a reference frame including a region of interest
(ROI) 1s determined, select one or more sample
frames from among the sample frames stored 1n the
storage, wherein the selected one or more sample
frames 1nclude an ROI corresponding to the ROI
included 1n the reference frame;

diagnose ecach of the selected one or more sample
frames; and

provide a diagnosis for the reference frame based on
one or more diagnostic results of the selected one or
more sample frames,

wherein the at least one processor 1s further configured to
select the sample frames, to be stored in the storage,
from among the received frames based on detecting a
change 1n a scanning characteristic of a probe, and store
the selected sample frames 1n the storage, and

wherein the scanning characteristic relates to an orienta-
tion angle of the probe with respect to a subject of
examination.
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2. The apparatus of claim 1, wherein the storage samples
the received frames according to at least one from among a
predetermined selection standard, a variable selection stan-
dard for a variable situation, or an empirical selection
standard.
3. The apparatus of claim 1, wherein the storage 1s
configured to store sample frames that are selected by an
input of a user.
4. The apparatus of claim 1, wherein the at least one
processor 1s Iurther configured to select a most diagnostic
result from among the one or more diagnostic results, and
provide the selected diagnostic result as the diagnosis for the
reference frame.
5. The apparatus of claim 1, wherein the at least one
processor 1s further configured to classity the one or more
diagnostic results into a plurality of categories and calculate
statistical data for each category of the plurality of catego-
ries.
6. The apparatus of claim 1, wherein the at least one
processor 1s further configured to assign weights to the one
or more diagnostic results according to one or more stan-
dards, and provide the diagnosis for the reference frame
based on the one or more diagnostic results assigned with the
weights.
7. The apparatus of claim 1, further comprising:
a display configured to display at least one from among,
the diagnosis for the reference frame and the one or
more diagnostic results associated with the one or more
collected sample frames using statistical information
relating to frequency distribution.
8. The apparatus of claim 1 wherein the scanning char-
acteristic relates to at least one from among a position of the
probe, an angle of the probe, or a speed of the probe.
9. The apparatus of claim 1, wherein the change in the
scanning characteristic 1s determined by comparing the
scanning characteristic to a threshold scanning characteris-
tic.
10. An apparatus for diagnosis of a medical image,
comprising:
at least one processor configured to:
once a reference frame including a region of interest
(ROI) 1s determined, select one or more frames to be
used for diagnosis of the reference frame by sam-
pling a plurality of frames which are received from
a medical imaging device, wherein the selected one
or more frames mclude an ROI corresponding to the
ROI included 1n the reference frame;

diagnose each of the selected one or more frames; and

provide a diagnosis for the reference frame based on
one or more diagnostic results of the selected one or
more frames,

wherein the at least one processor 1s further configured to
select the one or more frames by sampling the plurality
of frames based on detecting a change 1n a scanning
characteristic of a probe, and store the selected one or
more frames 1n a storage, and

wherein the scanning characteristic relates to an orienta-
tion angle of the probe with respect to a subject of
examination.

11. The apparatus of claim 10, wherein the at least one
processor 1s Turther configured to sample the frames accord-
ing to at least one from among a predetermined selection
standard, a variable selection standard for a variable situa-
tion, an empirical selection standard.

12. The apparatus of claim 11, wherein the predetermined
selection standard comprises at least one from among a
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predetermined period of time, size of a storage, a total
number of frames to be sampled, and accuracy of diagnosis.

13. The apparatus of claim 11, wherein the variable
selection standard comprises comparing at least one from
among a change with respect to a probe or a change with
respect to a frame.

14. The apparatus of claim 11, wherein the empirical
selection standard 1s based on an indicator associated with
learning or inferring an intention of a user.

15. The apparatus of claim 10, wherein the at least one
processor 1s further configured to select a most diagnostic
result from among the one or more diagnostic results and
provide the selected diagnostic result as the diagnosis for the
reference frame.

16. The apparatus of claim 10, wherein the at least one
processor 1s further configured to classily the one or more
diagnostic results mto a plurality of categories, calculate
statistical data for each category of the plurality of catego-
ries, and provide the diagnosis for the reference frame using
the calculated statistical data.

17. The apparatus of claim 10, wherein the at least one
processor 1s further configured to assign weights to the
diagnostic results of the selected one or more frames accord-
ing to one or more standards, and provide the diagnosis for
the reference frame based on the one or more diagnostic
results assigned with the weights.

18. A method for diagnosis of a medical image, compris-
ng:

sampling Iframes Ifrom among received Iframes, the

received frames being received from a medical imaging
device;

storing the sampled frames within a storage having a

predetermined size;

once a relerence frame including a region of interest

(ROI) 1s determined, selecting one or more sample
frames to be used for diagnosis of the reference frame,
wherein the selected sample frames include an ROI
corresponding to the ROI included in the reference
frame:

diagnosing each of the selected one or more sample

frames; and

providing a diagnosis for the reference frame based on

one or more diagnostic results of the selected one or
more sample frames,

wherein sampling the frames from among received frames

COMPrises:
selecting the frames, to be stored in the storage, from
among the received frames based on a detected
change 1n a scanning characteristic of a probe, and
wherein the scanning characteristic relates to an orienta-
tion angle of the probe with respect to a subject of
examination.
19. The method of claim 18, wherein the received {frames
are sampled according to at least one from among a prede-
termined selection standard, a variable selection standard for
a variable situation, an empirical selection standard.
20. A method of diagnosing a medical image, comprising:
once a relerence frame including a region of interest
(ROI) 1s determined,

selecting one or more frames to be used for diagnosis of
the reference frame by sampling a plurality of frames
which are recerved from a medical imaging device,
wherein the selected one or more frames include an
ROI corresponding to the ROI included 1n the reference
frame:

diagnose each of the selected one or more frames; and
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providing a diagnosis for the reference frame based on
one or more diagnostic results of the selected one or
more frames,
wherein selecting the one or more frames comprises:
selecting the one or more frames by sampling the 5
plurality of frames based on a detected change 1n a
scanning characteristic of a probe; and
storing the selected one or more frames 1n a storage,
wherein the scanning characteristic relates to an orienta-
tion angle of the probe with respect to a subject of 10

examination.
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